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SOVIET AUTOMATIC INTERPLANETARY STATIONS
INVESTIGATE MARS

8.5, Sokolov

Soviet practlcal astronautics has repeatedly demonstrated
the wide range of possibilities for automatic interplanetary
stations which investigate directly the Moon, the planets, near-
lunar, near-planetary, and cosmic space, and which transmit
reliable information from these bodies. Soviet automatic sta-
tions have contributed greatly to the study of Venus, whose at-
mospheric temperature at the landing site was 500°C, with a pres-
sure of about 90_atmospheres. The'self—prOpelled de}ices Luno- '
‘khod-1 and Lunokhod;E.operatgd many months under severe condil-
tions of the lunar day and night, when the variation in the
surface temperature of our natural satellite reached 300°C,

This demonstrates the correctness of using automatic means to
study space, and also demonstrates the operational reliability
cf these means.

The development of these means has led to their "speciali-
zation", to the appearance of different types of stations: tran-
sit stations, artificial satellites, stationary landing devices,‘
mobile landing devices, recoverable stations, etc. This in turn
-has allowed the formation of station complexes, or in other words,
the Joint and simultaneous use of two or more stations of either
the same or different type. Thils has significantly extended
the potential capabilities of space systems.

* Numbers in the margin indicate pagination of original
forelgn text.



-~ Automatic systems have become the primary means for study-

ing the planets of the solar system.

“Thevexperiment performed, in 1971.bY :the, Sovist automatic
Iinterplanetary stations (AIS) Mars=2 and Mars-3 was an important
event in world science and technology. - In the course of this
experiment, the first soft landing in history on the surface of
Mars was made by the descent capsule of the Mars-3 station.
Also, Scoviet artificizal satellites of Mars were created, and a
pennant bearing the Soviet National Emblem was delivered to the

surface.,

It 1s reasonable to investigate Mars from an orbiting satel-
lite, because the planet is surrounded by an atmosphere which,
in the absence of dust storms, is sufficiently "transparent" to
allow observations of the Martian surface in different wave
bands, including the optical. Prolonged observations of this
type allow one to study large areas of the planetary surface,
and to follow the changes which occur under the influence of
so-called seasonal phenomena. An artificial satellite of Mars,
appropriately equilpped, is in fact a scientific laboratory ex-
tended dnto space.

Complex studies of Mars and near-Martian space were carried

cut in 1971 by two artificial satellites in very different orbits.

The study of Mars took on a new quality in 1973-1974, when
four Soviet AIS — Mars-l4, Mars-5, Mars-6 and Mars-7 — practi-
cally simultaneously reached the neighborhood of the planet,
having completed an important stage of a multi-month space ex-

periment.

The station Mars-4 photographed Mars from a flyby trajec-
tory. An artificial satellite of Mars, the station Mars-5,
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transmitted to Earth new information about the planet and the
space surrounding it. High-quality photographs, including color
photographs, of the Martian surface were obtained from the or-
biting satellite. The descent capsule of the Mars-6 station
landed on the planet, having first transmitted to Earth data on
the Martian atmosphere which were obtained during the descent.
The AIS Mars-6 and Mars-7 studied space from a heliocentric

orovit.

In accordance with the Sovliet program for the investigation
of outer space and the planets of the solar system, these auto-
matic stations were launched in July-August 1973. All statilons
were placed on a flight trajectory to the planet from an inter-
mediate earth orbit. The injection into interplanetary orbit
and the subseguent flight up to the apprcach to Mars were iden-
tical for all four stations. The required guidance accuracy

was provided by trajectory corrections.

y
Figure 1,

General wview of the Mars-5 station.

1) magnetometer; 2) highly directional parabolic antenna; 3) sci-

entific apparatus; 4) semidirectional antennas; 5) radiators of

the heat control system; 6) solar battery panel; 7) instrument

compartment; 8) optical-electric devices for the attitude control
system.



The main goal of the experiment was to continue and extend
the studies begun by Mars-2 and Mars-3 of the planet, the space
surrounding it, and also the characteristics of the interplane-
tary medium. The program provided for sclentific measurements
from an orbiting satellite of Mars, from a flyby trajectory, and
also from descent capsules.

Ballistle features of the flight. The flight plan of the

ATS Mars-4, 5, 6, and 7 differed from the flight plan of Mars-2
and. 3.

Figure 2.

General view of the Mars-6 station.
1) orbital compartment; 2) descent capsule.

The speed which must be imparted to a space vehicle in order
that it reach Mars and, correspondingly, the useful weight placed
onto the interplanetary trajectory vary as a function of the
start time. Usually the launch of space vehicles to Mars is
timed to coincide with the time of its opposition, which recurs
approximately every 780 mean solar days. Mars 1s closest to
Earth during periods of closest opposition (once in 15-17 years),
and "launch windows", the periods most favorable for flights to
the planet, occur in these years or close to them. Such was the

case in 1971, when the Soviet stations Mars-2 and Mars-3, and

i
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also _the American Mariner-9, started toward Mars.

The relative positicn of Earth and Mars in 1973 required
that the flight speed of a station be higher than in 1871. There-
fore the useful load was less when the same rbcket;oarfier was
used. This explains the change in flight plans.

The AIS Mars-3 simultaneously solved two problems: delivery
of a descent capsule/to the planet and the creation of an arti-
ficial satellite of Mars; “Accordingly, it consisted of two
structurally independent parts: the descent capsule and an or-
bital compartment. Several hours before arrival at the planet
the descent capsule was separated and transferred to a trajectory
which insured landing in the preassigned region, while a braking
pulse was applied to tThe orbital compartment at the moment of
its closest approach with the planet, transferring it into an

Qrbit around Mars.

For the ATS launched toward Mars in 1973 it was necessary to"ﬁgﬂ
adopt a so called doubie-start flight plan. According to this
plan the problems of delivering the descent capsule and creating
an artificial satellite of Mars were given to stations of differ~
ent types. Stations of one type were intended for insertion into
orbit around Mars and did not carry a descent capsule. In its
place scientific instruments were placed on board for the study
of the planet and the space around it from a satellite orbit,
Als0 included was a reserve reguired to transfer stations to
this‘opﬁit and for any necessary corrections in the orbit. The
purpose of stations of the other type was to deliver a descent
capsule to Mars (welght economy was achleved because there was
no braking of the orbital compartment, which caused a decrease
in the fuel supplies on board the station). Along with this a
complex of scientific instruments was placed.'on these stations;

the instruments were mainly for varlous investigations of Iinter-



planetary space.

os T R S |

Figure 3.

Transit scheme for the Mars-5 station.

1) first correction; 2) second correction; 3) third correction;
4) braking of the orbital compartment.

Approximately two days before arrival each station entered
within range of Mars and experienced attraction mainly from this
source during the subsequent evolution of the mission. At a par-
ticular time before the closest approcach with the planet the po-
sition of the AIS with respect to Mars was measured by means of
a special optico-electronic device set up on board each station.
The results of the measurements were processed by an on bocard
computer, which calculated the parameters of the last correction
and controlled its execution.

The subsequent stages of the flight of the stations were
different. Mars-4 and Mars-5 moved along a hyperbolic approach
trajectory toward the planet. In the region of the pericenter
the motor imparted the required braking pulse to Mars-5, and
after completion of the preassigned maneuvers the station went

into orbit as an artificial satellite of Mars. While carrying



out investigation and photography from a flyby trajectory Mars-4i
continued its flight along a heliocentric orbit without trans-
ferring to an areocentric orbit, because of a breakdown in the
operation of one of the on-board systems. Descent capsules were
separated from Mars-6 and Mars-7 after the execution of the final
correction; the stations themselves continued their flight past

Mars.

Figure 4.

Transit scheme for the Mars-6 station.
1) first correction; 2) second correction; 3) third correction;
) separation of the descent capsule and its injection onto a
descent trajectory.

The separated descent capsule from Mars-6 received an im-
pulse from its motor, placing it on an impact trajectory which
ensured landing in the preassigned region of Mars. Approximately
3.5 hours after separation from the orbital compartment the
descent capsule entered the atmosphere of the planet, underwent
aerodynamic braking, and landed. The descent capsule of the

Mars-7 station was not placed on an impact trajectory.

We see that in comparison with a single-start flight plan
the double-start plan is more complicated, but it enabled us
not only to deliver a large useful welght to Mars, but also to
specialize the scientific apparatus in accordance with the prob-

lems posed.
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.Construction of the statlons. Mars-4 and Mars-5 are struc- .

turally similar, being orbital compartments in which the systems
and assemblies guaranteeing operation of the statiéns on all
stages of the flight are located. The lnstrument section, the
power plant, solar panels , a parabolle highly directlonal an-
tenna, omnidirectional antennas, and radiators for the codling
and heating circuits of the system which maintains the thermal
regime aré placed here. The block of fuel fanks for the power
plant donstifiites sthe main structural element, to which the
agsembiies are fixed. The sclentific apparatus is set up in the
upper part of the bloeck of tanks. On the stations Mars-6, 7, in
contrast to Mars-4, 5, the sclentific apparatus is placed on a
conical connecting member, which joins the instrument compartment
and the block of tanks. The descent capsule is placed on the
upper part of the block.

‘ The descent capsule contains an automatic Martian station
(approximately spherical in shape), an aerodynamic shield, a

container with a parachute~rocket system, consisting of a para-

chute andisoft-landing motor, and also a connectlve frame with

systems which contrbl the motion of the capsule during its separ-
ation from the orbital compartment, and which control 1ts transfer
from a flyby to an impact trajectory. After the change in tra- /26

jeectory this frame is separated from the descent capsule.

The aerodynamic shield has the form of a biluht cone, which
ensures the necessary braking in the Martian atmosphere. The
front side of the shield is covered with a heatproof material,
which protects its metallic body from the action of high-temper-
ature during asrcdynamic braking. The automatic Marfian station
and the parachute-motor soft-landing system is placed at the base
of the shield, protected from the effect of dynamic pressure and
the high temperature of the on-rushing current. The Martian

station is equipped with a special shock-absorber system which



[ absorbs the.energy arising on contact with the surface of the planéb.

The station also includes devices for placing 1t in an upright
position after landing and for placing the scilentifiec measure-
ment devices directly on the surface of the planet.
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Figure 5.
Graph of the temperature variation for the gas inside the orbital

ggmgggpment of the Mars-~5H station.

1) surface temperature of the solar batteries; 2) gas temperature
in the instrument compartment.

The principle features of the orbital compartment in the
1973 shots were determinéd by the problems of broadening the sci-
entiflic experiments and placing the instruments of the orienta-
tion system in accordance with the kinematic characteristics of =
the flight trajectory. k

Heat control system. Maintaining the station temperatures

within specified limits is extremely important, because a devia-
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tion from the allowed temperature can affect the electrical
characteristics of the apparatus.

On the trajectory from Earth to Mars the automatic statlons
were constantly subjJected to the action of the heat flux of
solar radiation, which decreases by a factor of two during the
flight. As a result the temperature of the structural elements
of the stations is changed; it decreases with increasing dis-
tance from the Sun. The temperature variation especially affects
the solar batteries, instruments, and control members of the
orientation system, which are placed outside the station.

The vakiation of the solar radiation flux and the internal
heat release of the apparatus of the instrument compartments
required that definite thermal conditions be maintained 1n the
automatic stations. A compound system for heat control, con-
sisting of active and passive media, was created for this bur-

pose.

The active part is a two-circuit gas circulation system,
including a heating ‘eirecult with a radiation radiator-heater
removed to the outside and a cooling circuit with a radiation
radiator-coocler. The heat carrier is the gas of the orbital com-
partment, clrculating under the action of fans. Regulation of
the heat confrol system is produced automatically by a device
which consists of a control block, switching blocks, and a multi-
posltion damper wilth a drive and sensing elements. The automa-
tic system shifts the position of the damper upon recelipt of a

signal from the sensing element.

N

/27

The passive media include vacuum-shield insulation, coverings

with the necessary optical coefficlents, and structural materials.

The passive part, and also the active, regulates the thermal

mode of the descent capsule, the golar batteries, the instruments:
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of* the orlentation system, the control members, and a number of
other pieces of eguipment and structural elements of the stations.

Speclal wvacuum installations equipped with solar simulators
were developed to verify the thermal calculations. The analog
of the automatic stations underwent a complete series of tests
in these installations. The purpose of the tests was to check
the capability of the heat control system to maintain the temper-
ature regime within the given limits In all stages of statlen use.

The radie complex. The apparatus of the on-board radio-

photo-telemetry complex of the orbital compartment includes an
antenna feed system, automatic devices, a program-timing unit,
instruments of the ftelevision and telemetry systems, and an ap-
paratus for receiving information from the descent capsule.
Measurements are made in all stages of the Tlight using the ra-
dio complex. The purpose of the measurements 1is to define the
position of the station more precisely, and alsc to make the
calculaticon of the parameters required for trajectory correc-

‘tions more accurate.

The method for ccntrolling the Mars stations is a combined
command-programmed method, i.e., control is effected both from
radio commands from Earth and by means of commands processed by
the program-timing unit. In asccordance with the program in
this device, scientific and malntenance telemetry information is
periodically recorded in the memory throughout the flight, with
subsequent transmission of the data to Earth during periocds of

communication,

Varying-scale images of different portions of the surface
6f the planet were obtained and transmitted from an orbit of
Mars using the photo-television system of the stations. This

- was done by two|television devices with sevenfold overlap of the
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Block diagram of the antenna -feed system in the orbital compart-
ment of the Mars-6 and Mars-7 stations.

1) sealed waveguide; 2) highly directional parabolic antenna;
.3) high frequency plugs; %) omaidirectional receiver-transmitter
antenna; 5) omnidirectional antennas of the command radio link;
€} antennas for receiving information from the descent capsule;
7) antenna block for sélection, switching, and indiecating matching
of the channel and the telemetry output; 8) filter block for the
recelver channel of the command radio link; 9) filter for the
first receiver channel for infcormation from the descent capsule;
10) fiiter for the_second receiver channel for information from
the descent capsule,[A) transmitter; B) receiver-transmitter for
radio-photo-television system; () receiver for the command radio
ﬂlnk] D) receiver for information from the descent capsule (first
channel), E) recelver for information from the descent capsule
fisecond channel), .

camera focal distances., Such a variation in the focal distances
not only‘makes it possible to obtaln photographs of the Martilan
surface with different resolutiéns, it also makes 1t possible to
reference the locations of the frames with high resolution and

maximum area coverage. The photographic resulfts also provide a
fix. for the readings of the scientific instruments, tying -them -
to specific regions of the surface. In some cases the plctures

were taken through removahle light filters, in order to obtain

12



color photographs of some portions of the surface. In addition,
an image of a wide band of the area along the flight path was
obtained using scanning optical-mechanical television devices.

After the descent capsule had entered the dense layers of
atmosphere and its main radio 1link to the orbital compartment
had begun to operate, a videotape recording was made of all infor-
mation obtained during the parachute segment of the descent.
The mode of relaying information from the descent capsule to
Earth using the instruments of the orbital compartment, includ-
ing the parabolic antenna, 1s favorable from a power polnt of
view, because in this case there is no necessity of placing a
large antenna on the descent capsule, which would require a spe-

cial guidance system, powerful transmitters, etc.

The antenna feed system of each of the orbital compartments
~of Mars-4, 5, 6, and T consists of a highly directional parabolic
antenna, three omnidirectional antennas, and two antennas for

receiving information from the descent capsule.

Attitude control system. The attlitude control system pro-

vides a basis for a coordinate system before carrying out a tra-
jectory correction, orientation of the antennas of the on-board
radio complex toward Earth with the neeessary accuracy and main-
tenance of a definite orientation of the station with respect to
the Sun. This is necessary for normal operation of the solar
batteries and maintalining the preassigned thermal regime. The
system includes optical-electronic devices for orientation to-
wards the Sun, the Earth, and a star, gyroscopic pickups for the
angular velocities of the station, and other apparatus.

. After the station is placed on its transit trajectory. and .
is separated from the last stage of the rocket-carrier, the atti-.

tude .control system damps out fthe angular velocities which

13
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arise during separation, stops the irregular rotation of the
station, and turns it to "seek" and "capture" the Sun, thereby
bringing the station into the "congtant solar orientation" mode.
In this mode the solar panels are oriented toward the Sun, while
the radiation patterns of the omnidirectional antennas are di-
rected toward the Earth, ensuring the necessary conditions for

radio communication between the AIS and the Earth,

To carry out trajectory corrections the station is placed
in a mode of precise three-axis orientation: in addition to
the orientation with respect to the sun, a search and capture of
a star are performed. Thus, a basis for a system of coordinates
is constructed, and the axes of the station are orienﬁed in a
definite way with respect to the Sun, the star, and the Earth.

As the sfation gets farther away from Earth the radiated
power of the radio link decreases. To ensure high information
content of the radic link at significant distances from Earth,
the information is transmitted through the highly directional
parabolic antenna, rather than through the omnidirectional an-
tennas. The former has a narrow radiation pattern and a corres-
pondingly large galin factor. For this the station is put into
a mode of constant Sun-Earth orientation. In this mode solar
panels are oriented towards the sun and the radiation pattern
of the parabolle antenna 1s directed toward Earth,

Automatic control system. The purpose of this system is

the control of the stations during the powered portions of the
fiight: insertion of the AIS into orbit arcund the Earth, con-
trol of the system in this orbit and during descent to the planet,.
and also the execution of powered maneuvers, including course
corrections in flight. This system provides sgtabilization and -
programmed turns for the stati@nﬁih'sﬁacéj3determines the times
for switching the motor on and off for a given change in the

14



station. velocity, and it determ#nes the direction in space for
the motor thrust. High accuraci in the automatic execution of

. . |
the indleated functions|is achieved by using precision apparatus

and an on-board computer. |

The control and navigationfsystem solves key pfoblems also
during the concluding stage of Fhe flight. The point is that
- the method of aerodynamic brakigg used for landing the descent
capsules on the surface of Marsiis applicable only for a rela-
tively narrow band of planetary!atmosphere entry angles for the
statlion. If the entry angle isiless than the acceptable value,
a sharp variation occurs in the station trajectory, and it ri-
cochets and leaves the neighborhood'of Mars. If the entry angle
is toc iarge, the descent capsule willl not have time to slow
down to the glven speed in the atmosphere, which has an extremely
small density, and the descent mode will be disrupted. It is
necessary to know with high apggragy the position of the planet
in space relative to the statioﬁ, in order to ensuré a definite
range of entry angles for the descent capsuléds and a precilse in-
sertion of the stations into thé calculated orbifs around Mars.
This requires automatic measureﬁents of the position of Mars in ~ /30

space directly from the station; which is close to the planet.

In order to perform such m%asurements the station ils oriented
with respect to the Sun and the,star in such a way that the axis
of the azimuthal optical-electrénic automatic navigation device
is directed foward the réglon of the calculated position of Mars.
AL an preﬁséigned moment the magnltude and direction of fthe required
correction 1mpulse is determined from the magnitude of the devia-
tion of the actual position of the planet and the calculated.
This is done using the on-boardécomputer. Alllthe necessary cal—}
culations are performed, and thé trajectory correction.is carried

out.
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- -The power supply system usés the "generator buffer-battery"

scheme. A semiconducfor photoc@nverter solar hattery is used
as the generator. The solar baftery charges'the buffer battery
and feeds the on board.apparatué which . operates between communi-
cation periods and it also charges the accumulator battery of
the descent capsule. BeéauSe.tée illumination of the solar
battery varies as it recedes from the Earth, its electrical cir-
cuit is constructed in such a wéy that the magnitude of the
current and voltage are maintaiﬁed within fixed limits as this
happens. !

An accumulator battery is ased as the buffer battery for
the orbital compartment. The high evergy characteristics of
the new accumulator battery have allowed the duration of the

communication periods with the étations to be increased.

An gceunulator battery isvﬁrovided‘for!fé§@ing the on board
apparatus of the descent capsule during its descent and its oper-
ation on the Martian surface. The battery is kept in the dis-
charged state during the entireicourse of the filight. The bat-

- tery of the descent capsule 1s éharged a month before the approach

o Mars.

System -of general automatid egquipment. This system 1s in-

tended to control the on board $ystems of the station during the
execution of the entlire flight ﬁrogram, and it dnalyzes the slig-
nals necessary for coordination;of the operation of the station
systems. It does the logical p%ocessing of the signals and con-
verts them into operating commands for control according to the
preset progran,. ‘

Let us-dweil on some of thé tasks performed by -this-systemn.

Part of the antennas of the radio complex, the panels of

1_6



solar batteries, and a number of structural elements were folded
and fixed in this position prlor to the launch of the station.
According to a definite program‘ at a given time one of the
blocks of the system of general automatlc equlpment opens up

thege devices using pyrotechnlc devices.

Another of the tasks of this system is the connection of
on-board recelver-transmitter rédio devices to the antennas of
the radio complex, depending on!the mode of orienﬁation of the
statlon 1n spaée. While proceséing the information coming from
the radio complex and the progrém—timing unit, the block of
automatic unit switches on and_dff the apparatus necessary to
carry out standard communications.

While the stations are in transit to the planet small mete-
orite particles can hit the lenses of the optical-electronic
instruments of the orientation éystem and the phototelevigion
system. The lenses can also be solled by gases formed during
the operation of fthe motor. Thé 1euses‘of a majority of the
instruments are covered at defiﬁite times of the flight with

special covers in order to shleld them, Control of the dfive
mechanisms for the instrument covers is affected by a’ sw1tch1ng

and automatic device unit , which logically processes the in-

\ .
=

formatlion coming from the varioﬁs systems of the station.
\ f

The most important automatic operations, which are respon-
sible for the viability of the station, are duplicated by radio
commands, which are transmitted when necessary from terrestial

contrcl centers. :

The motor assembliss for the Mars stations are intended to

create correction and braking impulses, which provideﬁtfajegtqry
corrections during the transit to Mars and'braﬁfﬁgjfor the sta-
tions during injection into the 'satellite orbit. The motor

17



assembly consists of a ligquild rdcket motor, a hydraulic system
for feeding the fuel componentsito the motor, a pneumatic system
for pressurization of the fuel éanks, and a control pressure Syé—
tem for controlllng the motor assembly.

The multimode liquid rockeﬂ‘motor allows repeated restarts
under conditions of vacuum and ﬁeightlessness. Commands to start
and stop the motor, to change tﬂe thrust mode of the motor, and
to generage stabilizing moments lare issued by the station control
system. Each motor and motor agsembly undergoes the necessary
bench tests in order to verify their operation and their conford

mance with the specified parameters.

The descent to the surfacq of the planet is one of the

moSt important elements 1n the éxperiment to study Mars. The
problem of organizing a landing 'in conditlons of an extremely
rarefied atmosphere is very complex. Analysis of the results of
terrestial observations on the dtmosphere of the planet, as well
- as the results from the flight &f the stations Mars-2, Mars-3, i
and Mariner-9 in 1971 indicatedlthat the Martian atmosphere can
introduce significant perturbatﬂons to the motion of the descent
capsule. These perturbations are caused by strong winds, dust
storms, different surface pressdre in different regions, etec.

1 .

The entry of the descent capsule of the Mars-6 station into
the atmosphere took place withiﬂ the specified range of entry an-
gles with a speed of about 6 kmﬁsec. During the passive aerody-
namic brakilng phase the stabiliﬁy aof the descent capsule was pro-

vided by 1ts external shape and lalignment.

When the calculated value df the longilftudinal load factor
was attalned, corresponding to ﬂhe conditions for starting the
operation of a specilal supersonﬂc parachute system, a solid-fuel
motor operated to free the drogue parachute. Then, with the

18



help- of the drogue parachute, tﬁe malin parachute was deployed
in a reefed state. When the sp;ed of the descent capsule had
been reduced to approximately sbnic speed the canopy of the main
parachute was unreefed to compl%te“fil;ing,_with_practically

simuzltaneous jettisoning of the{aerodynamic fairing. After the

removal of the aerodynamic fair;ng the radio altimeter was switched

ony this provided a continuous %alue of the corresponding para-
meters to the analytic unit, an@ switched on the soft-landing
motor in direct proximity of thg surface of the planet.

Thevsystems were actuated during the landing portion of
the fiight by commands from the program-timing unit.

The first measurements in the history of astronautics of |
the temperature and pressure of%the Martian atmosphere were
made during the parachute phase, and the chemical composition
of the atmosphere was also detehmined. The results of these
measurements are extremely impoftant both for expansion of know-
ledge abodt the planet and for finding out the conditions under
~which future Martlan statlons m@st operate.
|

The ground command_measureﬁent complex 1s intended for re-

ceiVing, collecting, and proceséing telemetry and television
~information, measurements of mopion paramefters, and organization
of the control for space vehiclés in flight. The complex in-
cludes terrestlal measurement sﬁations (TMP) on the territory of
the Sovief‘Union, and also floating measurement stations (MP),
the scientifiec research ships of the Academy of Sciences of the
USSR, located in the waters of the Pacific and Atlantic Oceans.

The TMP and MP along the flight path of the stations in

z
turn recelve and process information and measure trajectory.para-

1
meters from the time of launch.:. The measurements begin with

the entry of the apparatus into:the region of radiovisibility of
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a given measurement p01nt and end when the subsequent point beglns

to receive the signal and process the information.

The remoteness of the measurement p01nts from the Control
Center 1mparts spe01a1 31gn1floance to the organlzation of com-
munication between them. Along with the usual means of communi-
cation an ever greater role is 6eing allotted here to cosmic
radio communication through. thefsatelllte Molnlyail ({("Lightning-
im).

After launch of the sftations Mars-4%, 5, 6, and 7 from Earth
orblt and after placing a‘number of structural elements 1nto
working position, the on—board_radio transmitter and telemetry
system were turned on, The first near-Earth communication
phase had begun, and the state of the on board systems was de-
termined from telemetry information, while the deviation of the
actual traJectory from fthe calculated one was determined using
trageotory measurements. Throughout the entire subsequent course
of the flight informatlon from the measurement points went to the
coordination-computing center for processing and subsequent diss
play in the Control Center, where a group of specialists for the
various systems analyzed'the functioning of the stations and

their systems and developed control recommendations.

The center for long-range space communication is egquipped v
with antennas and sensitlve receivers, and provides for recep-~
tion of signals from the space stations from distances of hun-
dreds of millions of kilometers! The large gain of the antennas
is due to their narrow radiation.patterns. This in turn places
severe demands not only on the orientation of the Mars stations
during transmission of informatron.through the highly-directional
on-board antenna, but also on tne prediction cof the position of
the station in space and the determinaticn of its trajectory
for the purpose of directing the narrow radiation pattern of fhe

T L T LT,
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terrestlal antenna to pre01sely that point in space where the
statien 1s located at any glven moment.
t

The data necessary for thie are processeo by fast computers
at tne center forwlong~rangeLeneeeheomnnniee£ion-on the basis
of the results of periodic traj%etory measurements.

|

The difficult problem of e;tractlng a useful signal which
has come from extreme dlstances and which carries information,
from a background of wvarious klnds of terrestlal and cosmic
noisgse was successfully solved for the flight of the Mars stations.
After detecting the signal and establishing communication with
the station, the information was decoded by a terrestial téle-
metry system., All of the information wag directed into the com-
puter for processing according to a special algorithm, A pro-
cessing device transformed the phototelevision information into
a video signal, which was sent to 3 video control device and
.used to obtalin photographs. fhis apparatus is a complex system
for amplifying, transforming, and processing signals. Uslng
automatic devices 1t corrects and completely restores the ori-
ginal signal parameters. }

;

In the center for long-range space communication there are
alsc other systems, including an accurate tlming system, which
is necessary for referencing all the registered information to
a preclse time standard. % '

The terrestial command—meaeurement complex 1is extremely
complex and flexible, both withirespect to its makeup and to
the problems solved. Therefore, the interaction of its various ﬂi_i
elements, their precise, coordinated operation, 1s especlally
important. The increase in 1973 of the number of statlions to
four introduced not only quantltatlve, but also qualitative

changes in the experiment. It lncreased the load on the equlpment

S sus
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at . the terrestial command-measurement point and increased the
demands on the reliabllity of ifs systems.

H

Scientific equipment of thé.StationslrﬂPreliminary results,

The goal of the scilentific studies of Mars 1s ©o obtain the
clearest possible pieture of the physical, chemical, areomorpho-
logical, and ciimatic conditioné on this planet, and also to
obtain information about the spécific features cof the interpla-

netary space surrounding the pl%net.

i
satellite of Mars using ftelevision devices and using the results
from the measurements of the thickness of the fundamental atmos-
pheric component, carbon dioxidé. The quantity of this gas
along the line of sight reflects the shape of the relief. Moisg-
ture estimates were made from this same corbit from the quantity
of water vapor in the atmosphere, and the surface temperature

of the planet was determined from infrared radiation.

The scientific instrumentéiof the Mars-l and Mars-5 sta-
tlons were intended mainly to séudy a number of important char-
acteristics of the planetary suéface and the space near the
planet from an orbiting satelliﬁe of Mars and ffom a rlyby tra-
Jectory. The scientific instruments of the descent capsules on
the Mars-6, 7 stations were inténded mainly to study the charac-
teristice of the space around the planet during. . descent, the
physical and chemical parameter% of the atmosphere and some of
the‘éurface parameters of Mérs.i

o

The flights to Mars of the%Soviet stations Mars-2 and 3 and
of a number of American space vehicles has already given much
Amportant information about the%planet and the surrounding space.
At the present time there are déta on the topography éf'Mars,
rties of the surface layer, on

preliminary data on the soil prépe
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the surface ﬁemperature.distfibugioﬁpanéﬂits Véfiaéiéns, etc.
Continuation of fhe study éf the topography of Mars has
great value, both 1n a purely 501ent1flc sense and for Iregli-
zation of the subsequent program of Mafgiéaréfﬁdy. The charac-—-
ter of the topography is directly connected with the areclogi-
cal activity of the planet and with processés causing change
in the surface. The further st@dy of -the water content in the
atmosphere and:'on its surface ié of interest. _The temperature
distribution and its variatilon as a function of illumination en-
able one to judge the characteristics of rocks. This is extremely
important, because up to now it is not clear what causes the
differences in reflectlng capability of the so called Martian

seas and continsnts.

The scientific studies carried out by the Mars-4, 5, 6, and
7 stations were varied and exten31ve.' At the present time the
resulting data are beilng 1nterpreted and analyzed. However,
some results can already be discussed.

The photographs of the surface of the planet are distin-
guished by their extremely'highiquality. Details with dimensions
as low as to 100 m can be distiﬁguished. This makes photography
one of the best ways of studying a planet. Color pictures of
- a number of segments of the Martian surface have been obtained
by using colored light filters énd a superposltion of negatives.
The color pictures are also of high guality and are useful for
areologic-morphological and phoﬁometric studies.

' !

There are many craters in the photographed regions. 1In
some cases winding lines of depre581ons, 1edges and grooves
are superimposed on the crater qellef. Age difference explains

the difference in the degree ofidisintegration.
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Figure 7.

Small-scale photograph of the Martian surface, obtained with the
short focus television device of the Mars-5 station. Semidemo-
lished craters are visible with diameter to 150 km. The main
craters are connected by a channel of width 25-35 km. A narrower
(5=7 km) winding channel "flows" into it from the northwest. The
remaining part of the photographed surface 1s covered with numer-
ous craters with regular shape and diameter from 20 to 70 km.

211 craters have slight elevations around the edges.

Simultaneously with the photography, a complex study of the
surface and atmosphere was conducted using astrophysical methods.
The instruments were coaxial with the axes of the television

cameras. The instruments include ultraviolet photometers, a vi-
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Figure 8

Large-scale photograph of the Martian surface, obtained with the
long focus television device of the Mars-5 station (the bound-

aries of this segment are outlined on Figure 7, square A). The
photograph shows a sea-like region with part of a large crater,
the bottom of which is speckled with numberous microformations of
diameter about 1 km. Depth of the crater is crudely estimated to
be approximately 1 km with respect to the west bank. An elongated

eroded. crater of smaller size (40x20 km) is located to the west

of “this crater., In the smaller ‘crater, besides sSmall craters

from north to south, there are several embankments of considerable
extent. In the northern part of this crater formatlon is a crater
with a spherical bottom and diameter of about 10 km.
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51blerband photometer and a polarimeter photOmeters for selected
}p@rtlons of the near 1hfrared spectral reglon ‘a- radlometer for‘
'the far infrared reglon, and a radloLEggescope. A spectrometer
for measuring gamma radiation 054?@Q,9¥§3?FeW§? included. This
equipment allows one toyanalyzeithe radlation of the planet in
a very broad spectral region, e#tending from 100 angstroms to 3
~centimeters.
i

A1l instruments operated successfully during each pass of
the Mars-5 station shrough the perlcenter and at precisely this
momenty;the optical axes| of the television devices and the astro- /35
physical apparatus were oriented along the normal to the surface
of the planet. During the time the measurements were taken, the

altitude of the pericenter was ébout 1800 km.

The radicmeter on the Mars-=5 measured the surface tempera-
ture along the flight path., It’wee established that shortly
after midday the temperature reaches 5-12 °C. However, already
by six o'clock in the evening local time it drdps to £20 and
even =30 °C, and after 3-4 hours falls to ~55 °C. Temperature
variations of up to 5-8 degreesiwere observed along the flight
path, which is explalned by different absorptlon of solar rays
by dark and light segments of the planet. (The minimum temper-
atures at the Martian poles can reach =120°C.)

Varliations of altltude aloﬂg the flight path of several ' /36
kilometers were found using a sﬁecial photometer for the carbon
dioxide bands of the IR spectruﬁ. Depressed and ralsed surfacemn
segments were -also observed in %he ultraviolet band. Thus, the
study of the relief was checked by two independent methods.
rBrightness measurements in Otheﬁ wave bands indicated a small
dust content in the Martian atmdsphere in comparlson with.the
stormy period of 1971. The study of the data obtained should,
in partlcular, answer the questﬂon as to whether there is any
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Figure 9.

Large-scale photograph of the Martian surface, obtained with the
long focus television device of the Mars-5 station (the boundaries
of this segment are outlined on Figure 7, square B). The photo-
graph shows a crater of 45 km diameter and a "satellite" crater,
of the order of 13 km. Both craters have shallow slopes with a
speckling of small craters. The photograph clearly shows other
craters of dimension from 2 to 15 km, with smoothed edges in the
large craters and sharply rising edges in the small ones.

dependence between the color and the relief of Mars.
It is important to know that physical properties of the sur-

fface in order to construct the devices which are still to be

landed on Mars. Measurements of this type were carried out by
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two -polarimeters set up on boan@ the Mars-5 station jointly by

Soviet and French scientists, it has turned out that the sur- /37
face of the planet is very nonuﬁiform. There are regions covered

with a fine dust side-by-side with.rocky areas. Further study

in this direction should enableius to find out which terrestial

- rocks are most similar to the Mﬁrtian ones. Not long ago it

was observed that different res@lts of polarimeter measurements

on the Moon are caused by varia@ions in the lunar relief, Will

such a connection be found on Mars, where in contrast to the Moon
there is an atmosphere?

- Measurements of the water wvapor in the Marfian atmosphere
have indicated that.its content exceeded the maximum guantity
ocbserved by the Mars-3 in 1972,éand, by preliminary estimates,
it reached 60 mierons of precipiﬁated water, It has been deter-
mined that along the flight path the amount of moilsture varies
by a factor of]five. |

Photometric profiles of the atmosphere at the limb of the
planet have been cbtained in a spectral region 1nacce581ble Lo
terrestial observations, 2600~ 2800 angstroms. This was done
using a two-channel ultraviolet photometer with high spatial
resolution. These profiles resulted in the first observation of
traces of ozone in the Martian-atmosphere (the ozone data of
the American probes Mariner-6, 7, and 9 referred to the solid
furface of the polar cap). 'Alsogsignifieant aerosol absorption
was found even in the absence of: dust storms. These data can be
used to calculate the characteri%ties of the aerodol layer.
Measurements of tThe ozone content of the -atmosphere allow esti-
mation of the concentration of aﬁomie oxygen in the lower atmos-
phere and the rate of 1ts Verticel transfer out ¢f the upper
.atmosphere, . -This 1Is important for choosing a model to- expiain
the stability of the carbon dioxﬁde atmosphere existing on Mars.

Results of measurements on the illuminated disk of the planet
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can be used to study 1ts relieﬁ.
i
Studies of the magnetic fileld in the near-Martilan space
carried out by the station Mgrs%ighqvgkppnfirmed_phe conclusion
made ontthe basis of simllar studles by the Mars-2, 3 stations.
that a magnetic field on the orﬁer of 30 gammas exists near the
planet (this is 7-10 times grea&er than the magnitude of the
interplanetary unperturbed fiel@ carried by the solar wind).
It is assumed-.-that this.magnetib field belongs. to the planet
itself, and Mars-5 favors this hypothesis.

Preliminary processing of the data from Mars-7 on the radi-
ation intensity 1In the Lyman-alpha resonance llne of atomic
hydrogen has enabled one to estimate the profile of this line
in interplanetary space and to ﬁetermine in it two components,
each of which makes an approximately equal contribution to the
total radiation intensity. ,The iQformation obtained makes it
possible to calculate the speed; temperature, and density of
interstellar hydrogen flowing into the soiar syastem, and also
to separate out the contfibutioﬁ of galactie radiation in the
Lyman=-alpha line, This experiment was performed jolintly with
French scientists, ‘

|

The first direct measurement of the temperature. of atomic
hydregen in the upper Martian a%mOsphere was made 1n a similar
way from on bdoard the Mars-5 stétion. Preliminary data proces-

glng indicates that this temperature is close to 350? K.

The descent capsule of the}Mars—G made measurements of the
chemical composition of the Martian atmosphere using’ a radio-
frequency mass spectrometer. Shortly after the main parachute
opened, the analyzer was openedL and the Martian atmosphere
was admitted into the device. From a préliminary analysis 1t
can be coﬁcluded that argen makés up about one third of the at-
mosphere, This result is of fundamental significance for under-
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standing the evclution of the ﬁartian atmosphers. -
E
Measurements of pressure énd ambient temperature were also
made on the descent capsule,h“Themdat@,gpmtbese,gharacteristics
in the reglon near the planet a}e being processed at the present
time. |
!
We have already mentioned khe participation of the French
scientists in-the polarimeter m%aéuremgnts and- in measurements
of the radiation intensity in the resonance line of hydrogen.
An efperiment in radio astronom& was dlso performed jointly,
namely, measurements of radio emission by the sun in the one
meter band. -Reception of radiation simultaneously on Earth and
on board an Iinterplanetary statﬁon hundreds of millions of kilo-
meters from Eérth enables one tb reconstruct a three-dimensional
pleture of the process of generating radio waves and to obbtain
data on the streams of chargegmégrﬁicles responsible for these
processes. Another problem Wasialso solved in this experiment:
the search for short bursts of radio emission, which may arise,
as it is conjectured, in distank space from explosive-type phe-
nomena in galactic'nuclei, in s?pernova outbursts, and in other

processes.

The Soviet Martian stations are complex automatic labora-
tories. The extensive informatéon obtalned by them deepens our
knowledge‘of the universe and m?st of all our knowledge of one

of the planets closest to the Earth in the solar system — Mars.

Translated for Naticnal Aeronautics and Space Administration
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